The capacity of freshly explanted human peripheral blood lymphocytes (PBL) to support the replication of human adenovirus type 2 (Ad2) was investigated. Unlike other types of human cells, PBL were found to be highly nonpermissive. Ad2 adsorbed 30 to 40% of both T and non-T cells. Virus uncoating was very slow and inefficient, resulting in a 40-fold reduction compared with HEp-2 cells. On a population basis, viral DNA synthesis was reduced 460-fold and infectious virus production was reduced 106-fold. Only 0.35% of PBL produced infectious centers, yielding 0.8 PFU per infected cell. Phytohemagglutinin stimulation increased DNA synthesis 23-fold, infectious centers l1-fold, and virus yield 14-fold. We conclude that resting human PBL are highly nonpermissive to Ad2 infection and that phytohemagglutinin can only marginally lift this nonpermissiveness.
Adenovirus infection in most cell cultures of human origin leads to lytic infection, resulting in production of infectious virus. In nonhuman cells, replication is generally incomplete, resulting in restricted virus growth, or infectious virus is not produced at all. Virus growth restriction generally affects the efficiency of viral DNA replication and late gene expression (11, 17, 18, 24, 38, 39) . Semipermissive and nonpermissive infections can potentially result in transformation of host cells (16) .
Adenoviruses have frequently been reported in human lymphoid tissue (1, 12, 22, 32, 40) . We have reported the presence of adenovirus DNA sequences in peripheral blood lymphocytes (PBL) (21) . Rescue of infectious viruses has required the use of indicator cells, and this method has not always been successful (1, 21, 25 ). It appears that, though PBL frequently carry adenoviruses, they are not permissive for virus replication. There were preliminary data that in vitro adenovirus can multiply in phytohemagglutinin (PHA)-stimulated lymphoid cells and at very low yield in long-term lymphocyte cultures from tonsils (2, 26, 36) . The availability of new, specific methods has made it possible to study the interaction of these viruses and PBL in more detail. In this study, we examined the nature of the block to replication of adenovirus type 2 (Ad2) in resting and stimulated PBL. Lymphocytes were purified from heparinized venous blood of healthy donors by Ficoll-Hypaque centrifugation (4) and depletion of adherent cells. The attachment assays were done with PBL from adults. In other experiments, PBL from adult donors and cord blood were used, and the results were discussed together because cells of both origins gave the same results. Lymphocyte subpopulations of adult and cord blood apparently differ only in that the latter contains fewer T-suppressor phenotypes (29) . Part of the cell suspension was cultured in RPMI 1640 medium (GIBCO Laboratories) supplemented with 20% autologous serum for 24 h at 37°C in * Corresponding author. 5% CO2 with or without 0.5 ,ug of PHA (Phytohemagglutinin P; Difco Laboratories). T and non-T lymphocytes were separated from the rest of the cells by the sheep erythrocyte rosette method (23) and Ficoll-Hypaque gradient centrifugation.
Fluorescein isothiocyanate-labeled Ad2 particles enabled us to visualize attachment of the virus on the surface of PBL and HEp-2 cells. High multiplicity (3 x 105 virions per cell) and a 3-h incubation period were used to attain saturation of cellular receptors, and a temperature of 0°C was used to minimize capping (34, 35) . After incubation, the cells were washed and fixed in buffered 0.015% glutaraldehyde, and smears were made on microscope slides. The proportion of mononuclear cells which contained virus receptors was 35 .5% when they were studied immediately after separation from the blood. When 10 PFU of Ad2 per cell, and the cell lysates were digested with 3,000 U of micrococcal nuclease before infection (lanes e and j) and 2 h (lanes a, f, and k), 4 h (lanes b, g, and 1), 8 h (lanes c, h, and m) and 16 h (lanes d, i, and n) p.i. The nitrocellulose blot from the 1.4% gel was hybridized with cloned adenovirus-specific probe representing the whole viral genome. The exposure time for HEp-2 samples was 10 times shorter than that for the lymphoid cells. viral DNA protected within capsids after micrococcal nuclease digestion of lysed cells (8) . The band in the highmolecular-weight region represents the virion DNA protected against digestion by the capsid (Fig. 1) . At 2 h postinfection (p.i.), the intensity of this band reached a maximal level in HEp-2 cells (Fig. 1, lane k) and then rapidly decreased, showing almost complete decapsidation (Fig. 1,  lane 1) . Newly assembled virions appeared at 16 h (Fig. 1,  lane n) . The lymphoid cells contained comparable amounts of encapsidated DNA at 2 h p.i. (Fig. 1, lanes a and f) , but unlike in HEp-2 cells, the DNA subsequently did not become accessible to micrococcal nuclease, indicating that the uncoating process was very slow and ineffective. PHA stimulation of lymphocytes had no detectable effect on uncoating (Fig. 1, lanes f to i) (Fig. 2, lane m) Figure  3 shows a typical gradient profile. No virus could be detected in resting PBL. PBL stimulated for 24 h before infection produced a detectable viral peak at 1.34 g/ml, corresponding to complete virions and a smaller peak at density 1.27 g/ml, corresponding to empty shells.
An infectious-center assay was performed to determine the proportion of infected lymphocytes capable of producing infectious virus. PBL were infected with Ad2, and samples were taken every 24 h and tested on HEp-2 monolayers by counting the resulting plaques. Infected HEp-2 cells, used as a control, were 14% positive after 24 h and 80% positive after 48 h p.i. Both unstimulated and PHA-treated lymphocytes contained infectious virus, and the proportion of viruscarrying cells rose steadily until day 5 p.i. (Fig. 4) . At this point, about 0.35% of unstimulated and 4% of PHA-stimulated cells produced infectious centers.
To study infectious virus production, samples were taken from infected cells every 24 h and the cells were lysed by repeated freeze-thaw cycles. The yield of infectious virus was determined on HEp-2 cells by plaque assay (Fig. 5) . Unstimulated PBL produced so little virus that it was difficult to measure (3 x 103 PFU/106 cells).
PHA stimulation resulted in a significant increase in virus production to 4. From the data in Fig. 4 When e compared the proportion of lymphocytes (30 to 40%) wh ch could bind virions with that of cells which actually produced infectious viruses, we found striking differences. The infectious-center assay showed that the proportion of the unstimulated lymphoid cell population able to produce infectious virus was less than 1%. PHA pretreatment increased the proportion of productive cells to 4%. The prolonged time course of apparent virus production can be explained by a longer eclipse period and also a gradual increase in the number of cells capable of producing infectious virus. When the results were considered together, major impediments to PBL permissivity were encountered in uncoating, viral DNA synthesis, and infectious-virus assembly. When PBL were compared with permissive HEp-2 cells, DNA synthesis accounted for a 460-fold reduction, whereas virus assembly accounted for a 106-fold reduction. It appears that virus production in lymphoid cells requires continuously dividing cells or cells actively engaged in DNA and protein synthesis.
To our knowledge, this is the first detailed study of adenovirus permissivity of human PBL. Previous studies had been confined to lymphoblastoid cell lines. Adenovirus infection was studied in in vitro Epstein-Barr virus-transformed lymphoid cultures, in Burkitt's lymphoma cell lines, and in the T-lymphoblast line Molt-4 as well (2, (13) (14) (15) . All of these cells could produce a low level of infectious adenovirus. Soon after this paper was submitted for publication, Lavery et al. (28) (13) .
Slowly progressing adenovirus infection does not seem to interfere with the vital functions of cells. However, specific functions could be disturbed. Adenovirus infection of PBL in vitro disturbs the mitogen response and inhibits T-cell rosette formation with sheep erythrocytes (20) . Viral persistence in lymphocytes could, perhaps, involve downregulation of the major histocompatibility class I antigen by the viral Ela (9, 37) or E3 gene (5, 33) , as documented in tissue cultures of nonlymphoid origin. It is also a possibility that adenovirus-carrying lymphocytes host another virus infection, such as human immunodeficiency virus. Possible interactions between DNA viruses and retroviruses have already been reported. Epstein-Barr virus enhanced the expression of murine leukemia virus proteins in human lymphoma lines (27) . Herpes simplex virus infection increased gene expression directed by the human immunodeficiency virus long terminal repeat (31) . It is not known whether frequent isolation of an otherwise rare adenovirus serotype from acquired immunodeficiency syndrome patients (7) is indicative of some type of interaction between these viruses. Such interactions might be facilitated by a compromised cellmediated immunity system, a frequently reported concomitant of serious adenovirus infections (3, 6, 30 
